Under the expectation that experiments will soon give values for the 6ne structure intervals of the 2'I" state of helium to an accuracy of 1/10', we have undertaken a program of calculations which, it is hoped, will lead to a new determination of the 6ne-structure constant n. This paper gives a brief survey of the over-all program, and a detailed report of the successful completion of the', 6rst task: The construction of approximate solutions to the Schrodinger equation which lead to average values of the leading fine structure operators accurate to about one part per million.
II. PLAN OF THE CALCULATIONS
We will now outline the several parts of the task of calculating the fine structure intervals in helium to an accuracy of about one part in 10'. The zeroth-order problem is the nonrelativistic two-electron Hamiltonian in a fixed Coulomb field:
terms at these higher orders are spin-independent, and thus, while affecting the absolute energy level, do not contribute to the fine structure.
As an example, consider the effect on the fine structure of some deviation from pure Coulomb potentials occurring at some small distance R. The integrals which occur are of the general form of the familiar ((1/r) X(BV/Br))-(1/r'), and are taken over radial wave functions for l&0 orbitals. Thus the relative correction would appear to be of the order The next terms in a nonrelativistic expansion are the well-known" fine-structure terms which we shall denote as n'Hs. The most extensive work on the fine structure and Lamb shift in hydrogen has produced terms up to, but not including, the order a'mc', " which is just to the same order that we now need. But the two-electron atom seems so much more complicated than the oneelectron atom that our project might appear too dificult to attempt. A thorough relativistic theory of the twoelectron atom has thus far been analyzed" only as far as the leading Lamb-shift terms, nome'X (inn+const), and our goal is well beyond this. What encourages us to proceed is the expectation that most of the dificult ' See Ref. 8, p. 181. "A. J. Layzer, J. Math. Phys. 2, 308 (1961) , has calculated terms of order mc'cP ln'n and mc'n7 Inn. Only the latter contributes to the ine structure, and we hope it will not be dificult to include the term of this order in our problem. "J.Sucher, Phys. Rev. 109, 1010 (1958 .
Thus the effect of finite nuclear size would seem to be completely negligible, and the effect of vacuum polarization would appear to be of order n(n)'=n' on the fine structure intervals, again negligible. Six months after we had completed the last of our computations, there was discovered an error in our computer program for multiple precision division. It turned out that the last ten decimals were sometimes treated incorrectly; but some conditions under which this error would not arise could also be precisely identified. A detailed scrutiny of all our programs then revealed the astonishing fact that this mistake did not have any effect at all on any of the matrix element computations. The error could work on]y in the process of solving for the eigenvectors of the matrices; but our method was, at the end, an iterative process, so that we suffered only a slower convergence (paid more dollars) as a result of the mistake, and all our Anal answers were unaffected.
We hope that someone, working independently of us, will repeat and check all this work; this is the best insurance we can imagine for the reliability of these important results.
One can ask for a comparison of the present best experimental and theoretical values for the 6ne-structure intervals. Adding to our results (13) 
These may be compared with the experimental values vox=098791 (4) 
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